Withholding impulsive responding for short term gains to achieve long-term goals is an important aspect of goal-directed behavior. Although it has been extensively studied how the brain evaluates rewards available at different time points, few studies have investigated how brain withholds response for short term gains to achieve a more valuable long-term goals. In this study, we investigate the role of medial prefrontal cortex (mPFC) and secondary motor cortex (M2) in withholding impulsive responding in an inter-temporal choice task.
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In our task, there are two nose poke ports: one is for waiting, and the other is for delivering water reward. If a rat succeeds in keeping its nose inside the waiting port for 400 ms, a tone is played. If the rat goes to the reward port after this tone, it receives a small amount of water reward. If the rat waits longer in the waiting port, a second tone is played after a random delay period (exponential distribution with 700 ms at the earliest and around 2000 ms mean). If the rat goes to the reward port after the second tone, it receives a large reward (3 to 4 times the small reward).
Rats learn to withhold responding for a small reward to obtain a large reward. We found that the time a subject is willing to wait for a given set of reward amounts and delays varies randomly from trial to trial. Thus, in combination with electrophysiological recording, we can compare the activity of neurons in trials with different waiting times. We hypothesized that neuronal activity in those brain areas responsible for suppressing impulsive behavior should be able to predict how long a rat will withhold a response.
We made recordings from mPFC/M2 neurons using implanted movable tetrodes during this task. We found that activity of subset of mPFC/M2 neurons can indeed predict how long a rat will withhold a response, that is, the firing rate of these neurons during a time window before the end of waiting was significantly correlated with waiting time of the rat. Individual neurons showed both positive and negative correlations with waiting time. Predictive activity occured at different time points during the waiting period and even before waiting period.
These results support a possible role of mPFC/M2 in withholding impulsive choice in inter-temporal choice task and may help to constrain circuit models of action withholding. In the future, we plan to further differentiate the role of specific subregions of mPFC/M2 and to examine the interactions of these areas with other cortical and subcortical areas implicated in response inhibition and timing.
